In this paper, the ground observations were compared to the ERA-Interim, NCEP-DOE AMIP-II Reanalysis, MODIS ET product, and emerging offline SEBS ET data sets in the Yellow River source region of the Tibet Plateau. In general, the slopes of linear least squares exhibit differences, with ERAInterim, NCEP-DOE, MOD16, and SEBS slopes of 0.88 ± 0.05, 0.64 ± 0.07, 0.66 ± 0.17, and 1.24 ± 0.97 respectively. ERA-Interim was found superior with ground observations to others; therefore, it provided a good representation of the study area. Based on the ERA-Interim ET product, the Sen's slope estimator and the Mann-Kendall (MK) test were applied to quantify the significance of the shifts in trends, while the moving t-test and MK test characterized abrupt changes. The results show that the Yellow River source region experienced a statistical increase in evapotranspiration (ET) in the northern part and a decrease in the southern part of the region from 1979 to 2014 at rates of approximately 1.65 and À0.50 mm/yr, respectively. The shift in the annual ET trend was more pronounced, and abrupt changes were detected in the 1980s. Precipitation was the most dominant factor affecting ET variation, whereas surface temperature was the least influential.
INTRODUCTION
Evapotranspiration (ET) is one of the main hydrological processes. One of the distinguishing factors of ET is its role as a linchpin between the energy and water cycles. The physics and dynamics of ET are crucial for understanding the role of the hydrological cycle in the climate system (Mojid et al. ) . Although it is possible to observe daily ET dynamics on a local scale, it is challenging to translate these point measurements to natural landscapes because of the lack of ET variability over large spatial scales and long temporal series. Over the past decade, reanalysis data, models, and satellite remote sensing products have been developed as potential tools to produce spatially and temporally consistent ET information, and these tools have been widely applied (Mendoza et al. ; Mo et al. ; Su et al. ) . However, the estimates these tools produce require validation with intensive ET measurements to quantify the feedback between the water cycle and climate change.
In recent years, operational centers at the European Centre for Medium-Range Weather Forecasts (ECMWF) and the US National Centers for Environmental Prediction (NCEP) have produced uniform, long-term reanalysis data sets (Mooney et al. ) . Jiménez et al. () found that the ERA-Interim and NCEP-Department of Energy (NCEP-DOE) reanalysis data sets of ET contain fundamental observational differences. Large ET differences were observed in rainforest regions, and some of the lowest correlations were associated with the NCEP-DOE reanalysis. The Moderate Resolution Imaging Spectroradiometer (MODIS) overestimations due to non-closure of the energy balance (Kim et al. ) . The Surface Energy Balance System (SEBS) developed by Su () was designed to estimate energy partitioning using satellite and meteorological data.
It has been used to estimate ET on a regional scale and contains a physically based turbulent flux parameterization scheme that can overcome the shortcomings of statistical methods and produce spatially continuous distributions of land-surface energy fluxes using meteorological forcing data. Cleugh et al. () demonstrated that the P-M model is superior to SEBS models that use MODIS remote sensing data to provide regionally distributed ET information in an evergreen forest and a tropical savanna in Australia.
The measurement scale of the Eddy covariance system (EC) is generally a hundred meters, and it is widely used around the world. It can directly measure the water vapor, heat and carbon dioxide flux, and it is considered as the standard method for measuring water vapor and heat fluxes (Liu et al. ) . In recent studies, it was found that the non-closure of the energy balance was explained by the energy fluxes from secondary circulations and larger eddies that cannot be captured by EC measurement at a single station (Liu et al. ) . Many reports have been published about the use of the EC system to measure the energy and water vapor fluxes in a variety of ecosystems, including grasslands (Wever et al. ) . Nevertheless, the EC method has limitations, such as data processing and quality control methods under complex conditions and surface energy imbalance problems in EC observations (Foken et al. ) . Few studies have compared these four data products, The following section introduces the study area, EC instrumentation. The first subsection in the Results and discussion section present the correlations between ET products and observations. According to the results, ET product from ERA-Interim is superior to the others. This is followed by a subsection giving the spatial-temporal variation of ET from ERA-Interim in the Yellow River source region catchment. The causes of these characteristics are determined, and the contribution of climatic variation to ET is quantified in the next subsection. The final section gives the conclusions. Our work represents the first time that such a comprehensive evaluation has been performed to assess the qualities of the four most widely used data products over the Yellow River source region catchment, which is crucial to the climate and weather of Asia.
DATA AND METHODOLOGY
The global terrestrial ET data from ERA-Interim, NCEP-DOE Reanalysis 2, MODIS, and SEBS are validated in the Yellow River source region catchment. Sen's slope estimator and the nonparametric MK test were applied to detect significant trends. The moving t-test and the SQMK test were applied to detect abrupt temporal trend shifts. The analysis was conducted over the entire Yellow River source region.
Reanalysis data sets and satellite-based ET products ERA-Interim is the latest global atmospheric reanalysis performed by the ECMWF, and the project is being conducted in part to prepare for a new atmospheric reanalysis that will replace ERA-40. The ERA-Interim system is based on a recent release of the Integrated Forecast System cycle 31r2 (IFS Cy31r2), which contains many improvements to both the forecasting model and analysis methodology. The surface fluxes in ERA-Interim are based on the Tiled ECMWF Scheme for Surface Exchanges over Land model (Jones & Lister ) 
where X j and X k are the data values at times j and k ( j > k),
respectively.
If there is only one data point in each time period, then The N values of Q i are ranked from smallest to largest, and the median of the slope estimated by Sen's slope estimator is computed as follows (Gocic & Trajkovic ) :
The sign of Q med reflects the trend in the data, and its magnitude indicates the steepness of the trend. To determine whether the median slope is significantly different from zero, one should obtain a confidence interval of Q med at a specific probability.
For more detailed information, please refer to Gocic & Trajkovic () .
Mann-Kendall test
The nonparametric MK test is recommended by the World Meteorological Organization to assess trends in environmental time series data (Yu et al. ) . The method has been widely used for trend detection in meteorological and hydrological data sets (Samba & Nganga ) . This test has the advantage of not assuming any special form of the distribution function of the data, while having nearly as much power as its parametric competitors.
The computation of the MK S-statistic value from the raw data can yield a large positive or negative value of S, indicating a positive or negative trend, respectively. The null hypothesis (H 0 ) of the MK test assumes that the ranked data (X c , c ¼ 1, 2, 3, …, n À 1) and (
belong to a sample of n independent and identically distributed random variables (Nalley et al. ) . The alternative hypothesis (H 1 ) of the two-sided test assumes that the distributions of X c and X d are not identical for all c, and d n with c ≠ d. The S-statistic of the MK test can be expressed as follows:
where X c and X d denote the ranked values of the data and n is the length of the data record. For data that are distributed independently with a zero mean, the variance of the S t statistic is as follows:
where t c represents the summation of t, which is the number of values associated with the extent of c. The Z statistic of the MK test is computed as follows:
In Equation (6), the Z statistic of the MK test can be used when the number of records n is larger than 10. The trend's significance is assessed by comparing the Z value with the standard normal variation at the pre-specified level of statistical significance (Hamed ) . In a twosided trend test, with α representing the significance level, the null hypothesis should not be accepted if
suggesting that the trend is significant. A positive Z value at the significance level implies a positive trend, whereas a negative value indicates a negative trend. The significance of a trend can be verified by the probability value (p-value)
obtained from the MK Z value. If the p-value is less than the predetermined significance level (e.g. α ¼ 5%) or greater than the confidence level (if α ¼ 5%, confidence level ¼ 95%), the null hypothesis of the trend cannot be accepted.
Abrupt change

Moving t-test
The moving t-test detects abrupt changes in a series by assessing the significant difference between the averages of two groups of samples. For an n-sample series, selecting a data point, we obtain subsequence X 1 of n 1 samples before the data point, with an average of X 1 and a variance of S 2 1 , and subsequence X 2 of n 2 samples after the data point, with an average of X 2 and a variance of S 2 2 . The statistic t is as follows (Fraedrich et al. ) :
Given a significance level α, the null hypothesis of no difference will be rejected if jtj > t α=2 . Because different choices of the lengths of the subsequences can affect the location of abrupt change, we try two conditions: n 1 ¼ n 2 ¼ 5 and n 1 ¼ n 2 ¼ 10. In this study, the typical significance level of 0.05 was used. All points satisfying jtj > t α=2 constitute the time scope of an abrupt change, and in a year with maximum jtj, an abrupt change may appear (Nalley et al. ) . The difference between the 10-year averages before and after the abrupt change is the magnitude of change. The abrupt changes determined by the MK method cannot represent the 10-year periods before and after the change point; thus, all magnitudes in this study are calculated using the moving t-test.
Sequential Mann-Kendall (SQMK) test
The application of the SQMK test has the following four steps in sequence (Zang & Liu ) .
During each comparison, the number of cases X i > X j is counted and indicated by n i , where
The test statistic t i of the SQMK test can be expressed as follows:
The mean and variance of the test statistic are given in
Equations (9) and (10), respectively:
Sequential progressive values can be expressed as follows:
Similarly, sequential backward (u 0 (t)) analysis of the MK test is calculated starting from the end of the time series data.
STUDY AREA AND GROUND OBSERVATION
The Yellow River source region is the most important catchment in the Yellow River, accounting for 15% of the area but providing over 40% of the entire watershed runoff (Liu et al.
). 
RESULTS AND DISCUSSION
The accuracies of remote sensing-based measurements of land surface heat fluxes are questionable without validation using ground-based measurements. To make this compari- , these values are converted to ET with units of mm. Finally, the products are temporally matched using observations from the EC instrumentation. For reanalysis data (ERA-Interim and NCEP-DOE Reanalysis 2 data sets) which are daily scale, the data from EC instrument was examined as daily scale.
For the ET product from the MOD16 and the SEBS model, the time scales are 8-day and monthly intervals, the data from EC instrument were matched as 8-day and monthly before being compared. This guarantees that differences in the statistics are not due to differences in spatial or temporal coverage. After these operations, the correlations between ET products and observations are compared and analyzed to show which product is more suitable for the study area.
Correlation between ET products and ET observations
As is typical at stations operating under Tibetan conditions, We also analyzed other statistics ( According to our research, runoff and ET do not have a strong relationship, with a partial correlation of 0.14.
A sensitivity analysis estimating the impact of albedo uncertainties on climate modeling showed that an absolute In fact, the surface albedo accuracy directly affects the precision of the net radiation and indirectly affects daily ET and other land surface fluxes. Nevertheless, no previous research has analyzed the impact of albedo accuracy on surface energy balance parameters. In the case of ET models, when no in situ data are available, the surface albedo can be estimated in different ways. From our study (Table 2) 
CONCLUSIONS
With the goal of generating optimal land surface ET, reanalysis data, the satellite-based MODIS global ET product, and the SEBS model have generated quality-controlled data.
Using correlation analysis, the ERA-Interim data were shown to be superior to the observations from the EC 
